Aims-To assess the relation between the grade and the status of follow up cytology, the completeness of loop excision biopsies with cervical intraepithelial neoplasia (CIN), and the findings at follow up cytology, as well as the diVerences between complete and incomplete exclusion, using the odds ratio. Treatment failure was assessed. Methods-1600 women with CIN (290 CIN1, 304 CIN2, 1006 CIN3) were followed for a minimum of six months and a maximum of 10 years. A database was created and comparisons performed. The mean age of the patients was 37 years. Results-Excision was complete in over 84% of loops. Residual disease and recurrence of high grade dyskaryosis was more common in women with CIN 3 than CIN 2 or 1. No high grade dyskaryosis was seen in the fifth follow up smear in patients with CIN 1 and CIN 2. Residual, recurrent, and persistent disease was most common in patients with incompletely excised CIN at ectocervical and endocervical margins and deep margins of resection than in patients with completely excised CIN. The odds ratios were significantly higher in the women who had incomplete excision of CIN at ectocervical, endocervical, both ecto-and endocervical, and deep margins of resection compared with those with apparent complete excision of CIN lesions. One patient developed invasive squamous cell carcinoma 44 months after loop excision which showed CIN 3 invading endocervical crypts and extending to both ectocervical and endocervical margins of resection. Conclusions-At long term follow up, patients with CIN who have residual disease are at increased risk of persistent disease and should therefore be followed up regularly with cytology and colposcopy. The findings support national policy of returning women with treated CIN of any grade to normal recall after five years except for cases of CIN3 where excision was incomplete or equivocal. In these cases follow up with annual smear for 10 years is recommended. (J Clin Pathol 2000;53:191-196) 
Loop excision biopsy, also known as LLETZ (large loop excision of the transformation zone), is the most common and popular method of treatment of cervical intraepithelial neoplasia (CIN). Loop biopsies are performed for both diagnostic and therapeutic purposes. [1] [2] [3] [4] [5] [6] [7] Histological evaluation of the loop excision biopsy specimen is traditionally made by the grade of CIN, the status of the margins of resection, the presence or absence of CIN in endocervical crypts, the presence or absence of invasion and cervical glandular intraepithelial neoplasia, and any other associated pathology. Histology-cytology correlation of CIN in cervical biopsies has been reported previously. 8 The reported post-treatment success rate is over 90% with no further dyskaryosis. 9 10 Certain factors have been associated with failure of treatment or recurrence of CIN. These include the presence of CIN at ectocervical and endocervical margins of resection, 11 12 involvement of endocervical glands, [13] [14] [15] [16] [17] large CIN lesions, 11 18 depth of the loop, 19 20 high grade of CIN, 21 and the age of the patient. 22 The development of invasive carcinoma following treatment by loop excision biopsy is considered a failure of treatment. [23] [24] [25] [26] Shumsky et al found that inadequacy of excision and cytological follow up represent the most common causes of failure of treatment of loop excision biopsy. 25 In the guidance published in 1992, 27 the NHS Cervical Screening Programme recommended returning treated women with negative follow up smears to normal recall after five years. The second edition 28 of the guidance (1997) acknowledged that some may not wish to return to annual screening until the 10th anniversary of treatment, especially for those with a history of high grade CIN, as was common practice before the 1992 guidelines were published.
In this study we examined the prognostic implications of the grade of CIN and the completeness of excision with the status of follow up cytology and consider the national recommendations on following up treated lesions.
Methods
The histology and follow up cytology were analysed in 1600 women (mean age 37 years) treated with loop excision biopsy. Subjects were selected from patients undergoing follow up cytology for CIN from two districts in the South Thames Region. Patients had cytological examinations six months after treatment and, providing no abnormality was detected, at 12 monthly intervals thereafter to a maximum of 10 years.
All biopsies (n = 1600) with CIN (290 CIN1, 304 CIN2, 1006 CIN3) from two laboratories were fixed in 4% formol saline and each specimen was cut in parallel slices at a maximum thickness of 3-4 mm. 29 All tissue blocks were identified by their clock face position and embedded. Their number varied between six and 24 according to the specimen size. Each block was cut at 4-5 µm thick and was stained with haematoxylin and eosin (H&E).
The histological features studied included the grade of CIN, completeness of excision with and without involvement of endocervical epithelium and crypts, and incomplete excision at ectocervical, endocervical, and deep margins of resection, either separately or in combination with deep involvement of the crypts. Patients who had cervical glandular intraepithelial neoplasia (CGIN) and invasive carcinoma were excluded from the study. All histology specimens were graded as either CIN1, CIN2, or CIN3. In cases where disagreement occurred between the reviewing pathologists, two grades were given and the higher grade was used for statistical analysis. Equivocal excision was reported if CIN extended close to the excisional margins of resection. In this study only a histologically confirmed CIN lesions were used for analysis.
A database was created on EPI INFO version 6 (Public Domain CDC, Atlanta, Georgia, USA) including details of the patients' precolposcopy cytology, colposcopy, colposcopy histology, loop excisional biopsies, and follow up cytology, together with the dates of reporting of all findings. The mean (SD) follow up period was 4.63 (2.24) years (minimum 0.55 years; maximum 10.02 years). Follow up cytology was classified as negative; borderline; mild, moderate, or severe dyskaryosis; or inadequate. The rate of residual, recurrent, or persistent disease was defined by the presence of an abnormal smear in relation to the total number of smears at the interval period. The age of each patient was calculated to the date of loop biopsy reporting. In this study, no comparison was made between large loop (LLETZ), small loop (LETZ ), or cone biopsy. In patients who had more than one loop excisional biopsy, the first biopsy was considered.
STATISTICAL ANALYSIS
To facilitate statistical analysis the SNOMED code was used for categorisation of histology and cytology. The diVerence between completely excised and incompletely excised loop biopsies in relation to the status of follow up cytology (residual, recurrence, persistent) was analysed using a 2 test. Odds ratios, Cornfield 95% confidence limits, and exact 95% confidence limits are reported. A two tailed significance test was employed in this study.
DEFINITIONS
Residual lesion-the presence of borderline nuclear changes or dyskaryosis in follow up cytology within 12 months after treatment by loop excision biopsy. Recurrent lesion-the presence of borderline nuclear changes or dyskaryosis in follow up smears, 12 months after treatment by loop excision biopsy in women with no residual lesion. Persistent lesion-the presence of borderline nuclear changes or dyskaryosis in follow up smear(s) 12 months or more after treatment in women in whom the first follow up smear(s) had been positive, irrespective of the status of completeness of excision. Low grade cytological abnormality-all smears with cytological diagnosis of borderline nuclear changes and mild dyskaryosis. High grade cytological abnormality-all smears with cytological diagnosis of a moderate dyskaryosis, severe dyskaryosis and glandular neoplasia. Time periods-In this study the duration of one month was equivalent to 30 days, the duration of one year was equivalent to 365.25 days. Odds-if p (probability) is the expected recurrence in patients treated by loop biopsy that showed incomplete excision of CIN at one margin, then the odds in favour of recurrence is p/1−p : 1. If R is the non-expected recurrence in patients treated by loop biopsy that showed complete excision of CIN, then the odds of recurrence is R/1−R : 1. Odds ratio (OR)-The odds ratio of two odds is the odds of one group (incomplete excision) divided by the odds of another group (complete excision). This can be expressed as:
Results

COMPLETENESS OF EXCISION IN RELATION TO ALL
GRADES OF CIN Table 1 shows the overall values for patients with total recovery (normal cytology on follow up) and abnormal cytology. The overall residual, recurrent, or persistent abnormality CIN 1 (fig 1A) . For recurrent status, high grade dyskaryosis was six times more common in CIN 3 than in CIN 1 and CIN 2 (fig 1B) . No high grade dyskaryosis was seen in the fifth follow up smear in women with CIN 1 and CIN 2 ( fig 3A) . None of the patients showed high grade abnormality in the sixth smear and thereafter ( fig 3B) . Women with persistent disease continued to have high grade abnormal cytology in all follow up smears (figs 2 and 3). Table 2 shows the total number of patients and the percentages for completeness and incompleteness of excision in relation to the status of negative cytology, and residual, recurrent, and persistent disease in all grades of CIN. In all grades, residual recurrent and persistent disease was more common in patients with incompletely excised loops or where the excision was equivocal than in those with complete excision. Tables 3-5 show the odds ratios for incompletely excised loops in CIN1, CIN2, and CIN3 lesions, respectively. In patients with CIN1, a high grade of cytological abnormality was observed when ectocervical or endocervical margins were involved. In patients with CIN 2 who had residual disease, the odds ratio (8.9) was significantly higher in those who had incomplete excision than in those who had completely excised CIN (table 4). In the patients who had recurrent cytological abnormality the odds ratios were higher in those who had incompletely excised CIN at ectocervical, endocervical, and combined ectocervical and endocervical margins of resection than in those who had complete excision (table 4) . In patients with CIN 3, all grades of residual, recurrent, and persistent disease were seen. More residual abnormality was seen in loops incompletely excised at the ectocervical margin, and more recurrent abnormality when endocervical margin was involved. In incompletely excised loops, for both ectocervical and endocervical margins, at deep margins and in equivocal excision, the risk of residual, recurrent, and persistent lesions was significantly higher than for completely excised loops.
COMPLETENESS OF EXCISION AND FOLLOW UP CYTOLOGY
ODDS RATIOS FOR RESIDUAL, RECURRENT, AND PERSISTENT LESIONS IN RELATION TO COMPLETENESS OF EXCISION
CANCER OF CERVIX IN PATIENTS TREATED WITH LOOP EXCISION BIOPSY
A single case of invasive squamous cell carcinoma developed after treatment of CIN3 by loop biopsy (1/1006).
Discussion
Loop excision biopsy is the present method of choice for the management of patients with CIN. Long term follow up after loop excision biopsy is essential to detect a residual, recurrent, or persistent lesions. This is achieved by colposcopy, cytology, and histology. 2 4 17 In this study we chose cytology to assess the success rate, presence of residual disease, and group.bmj.com on August 28, 2017 -Published by http://jcp.bmj.com/ Downloaded from recurrence of abnormality following loop excision biopsy.
We categorised the patients in relation to follow up cytology into four groups: first, those who had normal cytology on follow up; second, those who had residual disease within 12 months; third, those with recurrent disease after 12 months free from disease; and fourth (the smallest group), those who had residual disease and continued to have abnormality thereafter.
High success rates have been reported with loop excision biopsies for CIN. [8] [9] [10] Our study showed a low incidence of residual or recurrent disease, also indicating a high success rate. The finding of higher residual and recurrent rates shown by high grade dyskaryosis (figs 1-3) in patients with treated CIN3 than in those with CIN2 or CIN1 is consistent with previous studies.
9 17 18 Our investigation also showed that persistent high grade cytology was found after the fifth follow up smear only in patients treated for CIN3. Therefore we maintain that patients with CIN3 with a residual lesion are at increased risk of persistent disease and so require careful long term follow up. In a recent study, Ho et al found that persistent genital papillomavirus infection was associated with the highest risk of persistent cervical dysplasia. 30 However, such screening methods have as yet no place in the present routine follow up, in the face of the established reliability of cytology, colposcopy, and biopsy.
The extension of CIN into the ectocervical and endocervical margins is associated with a high risk of recurrence. This finding of our study is in agreement with results reported by others. 11 12 In addition, we showed that in patients with CIN3, the risk of a residual lesion with incompletely excised loops was increased sixfold compared with the risk of recurrence when the ectocervical margin was involved (odds ratio 6.60 v 0.69), while the risk of recurrence was higher than the risk of residual disease by a factor of 2 when the endocervical margin was involved (odds ratio 2.32 v 1.48). The extension of CIN into the deep margin of resection was associated with the highest risk of residual, recurrent, and persistent lesions. This is in agreement with previous reports. [13] [14] [15] [16] [17] Rasbridge et al found that a depth of involvement of crypts of > 1.7 mm was associated with recurrence of disease in 13 of 22 cases (59%). 15 In a recent study by Hulman et al, 20 equivocal excision was associated with high recurrence rates. This agrees with our findings and indicates that cases where excision is equivocal should be considered as have a higher risk of recurrence.
Despite positive margins, only a small number of patients had residual and recurrent disease at follow up. Murdock et al found that when the ectocervical margins were positive, 7.7% had residual disease at follow up, compared with 9.4% with residual disease when the endocervical margins were involved and 35.7% if both margins were involved. Incompletely excised CIN by loop excision biopsy does not equate with residual disease. 2 The results of our study confirm this concept. Explanations for this include post-biopsy inflammatory response, distortion of the speci- men margins, and induced alteration in the natural history of CIN disease. Other possible factors include regression of the disease and error in pathology reporting at histological and cellular levels. [30] [31] [32] Residual preinvasive disease increases the risk of subsequent invasive carcinoma ninefold compared with cases where there is no evidence of residual disease. 22 The incidence of invasive carcinoma after loop excision biopsy ranges from 0.2% to 0.4%. [23] [24] [25] [26] In the present study, only one patient with positive ectocervical and endocervical margins with residual disease developed invasive carcinoma. The primary aim of patient follow up is to ensure adequate detection of residual or recurrent disease before progression to invasive carcinoma.
The use of excision techniques is the mainstay of management of CIN. These techniques include cold knife biopsy, laser cone biopsy, large loop diathermy, and hysterectomy. 8 21 32-34 In this audit no comparison was made between the techniques used in loop excision or between operators in our hospitals. It is likely that the proportion of cases where CIN is incompletely excised varies from centre to centre, depending on the skill, experience, and procedural preferences of colposcopy staV. There is currently no achievable standard published against which this can be measured. We recommend that consideration be given to this, if and when the Standards and quality in colposcopy guidance 35 is updated.
CONCLUSIONS
We conclude from this study that in patients treated with loop excision biopsy, the risk of residual, recurrent, and persistent disease was higher in CIN3 than CIN2 or CIN1. Relatively higher rates were also seen in incompletely excised compared with completely excised CIN. Involvement of ectocervical, endocervical, and deep margins and of crypts is associated with high risk of residual, recurrent, and persistent disease. In patients with CIN3, persistent disease may continue even after the fifth follow up smear. Residual, recurrent, and persistent disease was high in cases with equivocal excisions. Patients with incompletely excised loops with CIN3 should be followed up regularly to prevent the progression of CIN to invasive carcinoma. 
